Abstract: Land management in coastal areas has to cope with impacts of climate change and sea level rise. In Germany, landscape plans assess and organize the spatial allocation of land use as an environmental contribution to general spatial planning. Collaborative planning processes are important to develop sustainable and ecosystem-based strategies to make coastal landscapes climate proof. However, there is little experience with collaborative processes in practical planning in Germany, and probably in other countries as well. This paper conducts an empirical case study in the low-lying coastal areas of northwest Germany. During a collaborative landscape planning process, four different ecosystem-based land management scenarios have been co-designed by regional experts and researchers. The participatory and iterative process included the development of scenario narratives to define planning goals, the use of land use elements and their relations to ecosystem services as planning entities in terms of indicators, the art-based illustrations of the different scenarios, and an evaluation and monitoring of the outcomes by regional experts. The decision-maker group decided on the so-called "actor-based" scenario, which contained freshwater retention areas (polders) to prevent potential uncontrolled flooding of the hinterland. This climate adaptation strategy has been implemented in the regional development plan of the county.
Introduction
The low-lying North Sea coastal areas have been subject to anthropogenic influences for centuries with events through extensive land reclamation schemes [1] combined with ongoing environmental and societal changes, resulting in competition and conflict concerning space, interests and resources [2] [3] [4] . Human induced changes in land management increased the vulnerability of the North Sea coastal communities, leading to reduced sediment flows and natural defense structures by building dikes, increased flood risks by building settlements in areas lying under sea level, increased surface water run-off with flash floods on impervious surfaces, or continuous land subsidence by drainage activities [5] . Additionally, climate change and sea level rise may impact land use in the future [6] . The reclaimed coastal lowlands are extremely vulnerable to changes in terrestrial water cycles, rising sea levels and increasing storm surges [7, 8] . At the North Sea coast, higher rainfalls are predicted in winter leading to the risk of inland flooding; on the contrary, lower rainfalls and increasing temperatures are expected during summer [7, 9, 10] . This may reduce fresh groundwater reservoirs in summer and-with a rise in the sea level-increase the risk of salt water intrusion in unconfined coastal aquifers [11] . To further enhance the limited contribution of ecosystem services research on decision-making processes [33] [34] [35] [36] [37] , this study focuses on a collaborative landscape planning approach to develop a regional climate adaptation strategy. This study uses the SES framework to structure the development of knowledge generation and scenario development with the involved experts. In doing so, this study links to the literature in sustainability science which attempts to use the SES framework to move from theoretical towards empirical and practical research processes through the active engagement with stakeholders [38] [39] [40] . Specifically, we asked which land management alternatives might be suitable for a sustainable future of low-lying coastal landscapes, how co-design processes could be implemented, and how consensus between experts from various societal sectors could be reached. To answer these questions, we started with the design of two alternative land management scenarios that required a relatively strong change in land management. We described the resource units of Ostrom's framework [30] by regional land use elements with their ecosystem services outputs. The resource system was displayed by the different land management scenarios, and the governance system and land users were covered by the involved experts. This process led to the co-design of an actor-based scenario that synthesized the former alternatives and the views of the experts. The results of our study were eventually implemented in the formal regional spatial plan of the case study area [41] .
Collaborative Landscape Planning Using Scenarios

Case Study Area
The Krummhörn Municipality (159 km 2 ) is located close to the North Sea coastline in East Frisia, northwest Germany (7 • 2 E, 53 • 27 N). A dike of 54 km length protects the low-lying community against floods. About one third of the region has an elevation down to 2.5 m below sea level. A network of ditches and channels drains the whole area to enable land use. As a typical agricultural landscape of northwest Germany, the case study region is characterized by fertile marsh soils. The main source of income for the 12,600 inhabitants is dairy and arable farming as well as tourism.
Methodological Approach
In the Krummhörn Municipality, we cooperated with a group of regional experts to foster a collaborative landscape planning process and to co-design a climate adaptation strategy for the case study region. The group consisted of fourteen local and regional experts representing the societal sectors water management, nature conservation, agriculture, regional and local governmental bodies, and tourism (Table 1 ). All societal sectors and levels (from administrative to policy) of decision-making in the community of Krummhörn were integrated in the collaborative landscape planning process. The regional group was established to co-design the different land management scenarios. During the four-year co-design, there was no change in the composition of the group, meaning that we worked closely together with the same experts during the whole process.
At the beginning, semi-structured interviews [42] were used to introduce alternative land management options as compared to the present management and obtain each expert's opinion on these options. Additionally, the ecosystem services concept was introduced and discussed (for an overview of the ecosystem services classification see Supplementary Materials Table S1 ). The interviews were transcribed and analyzed through qualitative content analysis, especially by identifying expert statements relevant for the collaborative landscape planning process [43] . Additionally, focus group meetings were used to discuss sector specific topics [44] . During annual group meetings, the (intermediate) results were discussed and consensus building processes started [45] to develop a climate adaptation strategy for the case study region. We did not formally analyze the progress of the co-design process because our interest was more on the result than on the process. Instead, we present quotes from the interviews and focus group discussions that illustrate the views of the experts. All quotes underlining our results and discussion were selected from semi-structured interviews conducted at the end of our study in 2015. We specifically asked the participants to reflect on the planning process. The researchers served as knowledge-broker, providing information on land management scenarios, suggestions of regionally relevant land use elements and explanation of the ecosystem services ( Figure 1 ). Their tasks were to provide context, scientific information and decision-alternatives. Additionally, knowledge brokering included the mediation and interaction between the individual experts and the regional group as a whole, to find solutions among conflicting parties, and to create trust and joint decision-making (capacity building). The experts delivered their opinion to the different land-management scenarios, and were asked to select and describe relevant land use elements as resource units with specific ecosystem service outputs. During the whole co-design in the collaborative landscape planning process, the expert group discussed the different topics, started consensus building processes, performed assessments and implemented intermediate results in the planning process ( Figure 2 ).
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Results
Collaborative Landscape Planning
Four different ecosystem-based land management scenarios were designed. Beside the "trend" scenario, two alternative land management scenarios "water management" and "carbon sequestration" suggest ecosystem-based alternatives compared to the trend scenario. The expert group designed a fourth "actor-based" scenario, which essentially was a compromise of the other scenarios.
The "trend" scenario projected the current land management into the future ( Figure 3A ). Food and forage production as well as recreation and tourism were the key ecosystem services generated by this scenario (Table 2 ). Time periods of natural freshwater discharge into the sea at ebb tide were expected to decrease due to rising sea level. Consequently, more freshwater from this area would have to be pumped into the sea. It was expected that the pumping capacity had to be strongly increased to secure the drainage of the region and to maintain the current agricultural activities. Otherwise, flood events might substantially disrupt the future land use and lead to higher drainage costs and higher economic risks for agricultural production, reducing the ecological and economic viability of this land management scenario under a changing climate. Considering the expected increase in precipitation in winter, the increased discharge needs to be managed. The Director of the Water Board Emden described the problem:
We recognize that we have reached the maximum capacity of our pumping station. The increasing frequency and intensity of rain events and the spread of impervious surfaces lead to faster water run-off. Therefore, we have to pump around the clock as we cannot wait to discharge the water during ebb tide. We experienced extreme situations in the last years. Although we used our whole pumping capacity, the hinterland could not be kept to an appropriate water level. Despite the unprecedented safety of our dike system, our drainage system just barely underwent a critical point.
To prevent the hinterland from drowning in rainwater, large fresh water storage basins (called polders) landwards of the dike were considered as an alternative to expensive investments in pumping stations and infrastructure. The "water management" option focused on water storage, leading to embanked open waters and reed stands within large polder areas ( Figure 3B ). The primary aim was to restrict floods to the polder areas when the drainage network is no longer capable of discharging excess freshwater. The polders aimed at increasing in particularly two regulating and maintenance services ( Table 2 ). The water storage capacity creates a buffer for regulating natural hazards and polders filled with freshwater can prevent subsurface saltwater intrusion in the area. Nevertheless, the measures taken in this land management scenario are supposed to shift provisioning services. On the one hand, the retained freshwater in the polders might be used during dry summer periods for irrigation and the reed stands can be harvested for renewable energy generation or industrial applications (i.e., roofing material or industrial raw material [50] ). On the other hand, the establishment of polder areas leads to a decrease in available land for arable fields and grasslands.
The "carbon sequestration" land management scenario ( Figure 3C ) is similar to the "water management" option. However, the freshwater polders will mainly be covered by reed fens instead of open water due to lower water levels. The reeds within the polder areas will not be harvested, in order to promote accumulation of organic matter and peat formation. Peat formation in wet marshes belongs to the most efficient natural processes capable of sequestering CO 2 from the atmosphere [51] . Furthermore, reed fens dominated the flood-prone regions of the Wadden Sea coast before dike-building started in medieval times [52] . Within the polder, a development towards former natural vegetation is expected. This scenario increased especially regulation and maintenance ecosystem services (Table 2 ). Nevertheless, it may not promote a carbon-optimized land management because reeds are net sources of CO 2 equivalents mainly caused by high CH 4 emissions [53] .
In the "actor-based" scenario ( Figure 3D ), the expert group proposed polder areas and a widening and strengthening of the main drainage system to prevent flooding and increase water retention (Table 2) . In contrast to the other land management scenarios, they preferred rather small polders on sites without settlements or arable fields. Statements made by Director of the Dike Board Krummhörn and Director of the Water Board Emden underline the position of the group:
The need for polders to attenuate extreme situations is indisputable. We all agree about it; and In the future, we can manage excess rainwater situations with polders to prevent flooding.
Additionally, maintaining regional characteristics was considered essential and the importance of the landscape's aesthetic values was emphasized. This implied the establishment of a mosaic of different land uses, which should increase the amenity of the region. The expert group preferred a multifunctional landscape consisting of diverse resource units, without large monocultures prioritizing a single unit:
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In the future it is not possible to enforce single sided maximum claims. Different forms of land use have to be combined, and multifunctional landscapes will become more and more important. (Administrator Chamber of Agriculture)
As it is very important to find synergies, different forms of land use have to be weighed against each other to avoid conflict situations. (Administrator County of Aurich) In the actor-based scenario, the performance of key ecosystem services increased compared to the other scenarios (Table 2) , because it combined targets of both the water management and the trend scenario. The expert group viewed the carbon sequestration scenario as the least suitable for the case study region. Cultural services such as promotion of recreation, tourism and community identification were seen as essential for the development of new land management options. Table 2 . Land management scenarios and associated resource units (land use elements and key ecosystem services; ecosystem services classification according to [29] 
Implementation
The collaborative landscape planning process applied in this case study promoted the development of an adaptation strategy to avoid future uncontrolled flooding of the coastal hinterland. The actor-based scenario represented the expert's preferred future land management:
Small polder areas contribute to relieve the drainage system. It is definitely wise to think about the usefulness of low lying areas to serve as polders for a manageable threshold level of damage.
(Director of the Water Board Emden)
The climate adaptation strategy laid out in the actor-based scenario was of great interest for the regional planning administration of the county, since all relevant societal sectors were part of the expert group that designed this scenario. As an important result of the collaborative landscape planning process, essential elements of the actor-based scenario were implemented in the regional spatial plan of the county ("Regionales Raumordnungsprogramm 2015" [41] ). In particular, small polders were included in the plan, representing a strategic shift towards "water storage instead of pumping" in regional water management. The Major of the Krummhörn Municipality and Administrator of the County of Aurich agree:
With the determination of priority areas for flood protection and water storage, the county of Aurich includes the risk of storm surges and dike security, and considers the problems of the drainage system. Nowadays it is already necessary to create polders to store rainwater from extreme events. The designation of such areas took place in close collaboration with all institutions responsible for water management and coastal protection, nature conservation, and the municipality.
Discussion
The Co-Design Process
The complexity between environmental, social, spatial, and temporal interactions was a challenge for the communication process to understand complex social-ecological systems and progress actionable science for sustainability [39, 40] . Co-design with representatives of different societal sectors showed that every decision-maker has his or her own special field of activity and individual expertise. Different worldviews, interests, and social contexts had to be considered in the evaluation process. For example, in the beginning, the experts showed little awareness of climate change and related problems such as inland flooding or saltwater intrusion:
Initially, some followed the process rather critically. But over the long term we recognized that we discussed very reasonable issues. (Director Farmer Association East Frisia)
This also became evident during the compilation of the consensus list of landscape elements and their interpretation in terms of ecosystem services. For instance, nature conservationists viewed forage production as related to actual biomass removal, groundwater level and income, whereas farmers focused on the potential of all ecosystems to produce forage, including nature reserves, where mowing and grazing is prohibited. The conservation perception of farmers was related to low land use intensity, whereas the conservationists associated it mainly with endangered meadow birds [47] . Group discussions allowed experts with partly conflicting interests, such as nature conservation and agriculture, to clarify and explain their viewpoints which supported consensus building (examples given in [54] ). This issue was emphasized by several participants:
We farmers are willing to incorporate flexible nature conservation measures. Provided it is not considered from one side only, and without exclusively restricted conservation areas. (Chairman Farmer Association East Frisia)
The actor-based scenario is a compromise in terms of a nature conservationist´s viewpoint. However, small scale fragmentation leading to minimum habitats is no option. (Administrator National Park Authority) According to Clark et al. [55] , collaboration between knowledge-brokers and experts is needed to understand complex social-ecological systems. To promote a mutual relationship, cross-sectoral perspectives needed to be considered [13, 56] . The experts showed openness and willingness to collectively develop a sustainable future, including compromises. To avoid conflicts, the knowledge-brokers (researchers) helped in terms of awareness raising, education, guidance, and local capacity building regarding future land management. An important task was to focus on the experts' interests and the planning and management of opportunities [57] . Transparency during the focus groups and workshops was a way to build mutual trust and address community concerns. Working on a common goal combined with mutual learning enabled the experts to explain distinct issues to others, thus increasing mutual learning and acceptance of different world-views and ways of acting:
Every expert in the group delivered an important contribution to the process. The group work promotes a mutual understanding of different viewpoints. (Administrator Lower Nature Conservation Authority)
Designing land use management to be adaptive and sustainable was of interest to every expert in this context. Experts' increasing awareness that a sustainable development of the community leads to increased well-being of their children, and the recognition that adaptation measures will be necessary to deal with future challenges further motivates them to work on this goal:
The inter-and transdisciplinary collaboration during this process is a precondition for sustainable development. (Administrator Biosphere Reserve Authority) Co-design is not possible if the contributing stakeholders are not seeing the benefits of the process to participate. The experts offer their time and resources on a voluntary basis, and have to deal with "unusual" issues. Keeping the experts motivated is an important issue, and this is not a gradual process. To keep the expert´s motivation to participate on a high level, the researchers had to constantly give feedback, consider each interest in an equitable manner [34] , and provide intermediate research results of scientific investigations in the area (e.g., in [47, 53, 58, 59] ). Additionally, the knowledge-brokers had to retain a non-interventionist attitude to allow the experts to take their own decisions autonomously [60] . According to Hering [60] (p. 364), knowledge brokering is an "iterative and bidirectional process of translation, tailoring of information for specific contexts, feedback, and integration". This statement also applied to our case study. The experts always had the possibility to contribute to the planning process with their specific competences and to modify the adaptation strategy. Additionally, emphasizing that the results are an outcome of the participatory process depending on the expert-knowledge and only guided by the researchers increased the experts' feeling of responsibility. An emphatic relationship between knowledge-brokers and experts supported the co-design process and created a trustful, creative, communicative, cooperative, participative, informative, flexible, and open-minded process which fostered successful planning [18, 34, 55, 60] .
One of the main strengths is that we brought all actors and interests together and discussed taboo topics as well. (Administrator Chamber of Agriculture)
Although it was challenging to get into future scenarios, it was an impressive experience getting the possibility to think about the probable future development of the region. Especially beyond daily business and other means. We had a lot of fun. (Director Tourism Association East Frisia) By co-designing the ecosystem-based land management scenarios during the iterative collaborative landscape planning process, communication gaps [61] between the different land users represented by the experts from the sectors of water management, agriculture, nature conservation, regional policy and planning authorities, tourism, and science were overcome. Teamwork was essential for the design of the climate adaptation strategy [62] . To facilitate adaptive management, the process integrated research and decision-making [58] to manage change processes in the coastal social-ecological system.
Comparison of the Land Management Scenarios
Scenario planning was introduced to optimize land use patterns and to focus on the multifunctionality of land use [63] . In this study, the ecosystem-based scenarios relied on narratives from an ecological viewpoint, delivering plausible, dynamic, yet hypothetical pathways to the future. The collaborative planning processes anchored the ecosystem services concept in the SES framework [30, 39] with the scenarios as alternative resource systems. Both the ecosystem services and social-ecological system frameworks rely on interactions between social and ecological subsystems [27] . The scenarios were seen as alternative resource systems composed of resource units differing in spatial extent, i.e., land use elements with their provisioning, regulatory and cultural service outputs. The governance system and the regional planning authorities set the legal rules for the individual experts that represented different users in the social-ecological system, namely the water managers, farmers, nature conservationists, and tourists.
According to the classification of the scenario characteristics described by van Notten et al. [64] , the water management and carbon sequestration scenarios had an extreme character. They stimulated awareness of the issues addressed, creative thinking, and insights into ecological conditions and relationships in the case study region [64] . By prioritizing regulating services, they also represented a strong contrast to the trend scenario that prioritized agricultural production and (provisioning services). It had a normative character, as it described a preferable future, including sectoral preferences, needs, and expectations, from the perspectives of the experts. During the research process, it became obvious that local thinking and acting in the case study area followed traditional adaptation measures. The transitions from fighting against water towards living with water (see [65, 66] ), were not yet attained. Nevertheless, the experts recognized that simply following the current trend might increase landscape vulnerability caused by climate change. In the experts' view, the sustainable use of land is increasingly important and consideration of provisioning ecosystem services such as food, forage and freshwater becomes more important for decision-making processes [67] . Carpenter et al. [68] state that regulating ecosystem services are often not well considered in decision-making processes. As a consequence of the vast changes in the water management expressed in the water management and carbon sequestration scenarios drafted by the researchers, the experts' attention towards regulating ecosystem services was raised and ultimately considered vital for landscape planning.
The collaborative landscape planning process led to the implementation of the actor-based scenario in the formal regional spatial plan of the county [41] . Such case studies transformed into real plans are important to bridge the gap between science and policy-making [34, 35] and strengthen the impact of ecosystem services research [18, 33, 37] . This study shows a comprehensive stakeholder engagement process bridging the science-policy gap and including an ecosystem-based management in the implementation of planning activities [17, 27, 36] .
Conclusions
Our study showed that innovative ways of land management to maintain productive land use and reduce the vulnerability to impacts of climate change and sea level rise can be found in collaborative landscape planning. The collaborative landscape planning process supports decision-making in a regional context to manage land use in a sustainable and adaptive way, and enables experts to deal with the challenges of climate and anthropogenic change processes. The co-design of ecosystem-based land management scenarios illustrated human and nature relationships and enabled the regional group to deal with socio-ecological and spatio-temporal interactions. The iterative and step-wise approach consisted of: -developing narratives, telling the different stories how the future of the case study region could be designed for the future, and transforming them into spatially explicit scenarios; -conceiving resource units as land use elements with specific ecosystem service outputs and scenarios as resource systems with characteristic spatial patterns of resource units; -employing participatory mapping including simple illustrations to foster creativity and understanding; and -guiding an assessment process to evaluate the outcomes leading to the design of a final landscape plan.
In comparison to the traditional linear planning procedure (screening, inventory, assessment, and planning), the knowledge-brokers mediated and supervised a collaborative process. This process involved multiple feedback loops between knowledge-brokers and regional experts, and evolved from disparate sector-oriented statements towards increasing consensus and spatial detail.
Based on the scenarios, it was possible to define long-term consequences for planning and actions in regional land use management, and raise the awareness of the advantages of an ecosystem-based management. Providing water retention polders currently not established in the case study region could prevent sites below sea level from drowning in rainwater. These polders were proposed as an alternative to expensive investments in pumping capacity and to strengthen regulating services. The iterative collaborative landscape planning process contributed to the implementation of a climate adaptation strategy in formal regional planning. Our case study showed the potential of collaborative landscape planning processes to deal with challenges of spatial planning by transferring informal planning designs into formal ones.
Supplementary Materials: The following are available online at www.mdpi.com/2071-1050/9/9/1668/s1, Table S1 : Ecosystem services considered in this study, Table S2 : Timeline, Supplementary Materials S3: Example participatory mapping: Development of spatially explicit land management scenarios.
